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Abstract
Electrostatic Gravitational or Rayleigh-Taylor (RT) instability in an inhomogeneous magne-
tized multi-ions plasma with some fraction of quantum mechanical electrons. The effect of Bohm
potential, temperature degeneracy and magnetic field are carried out. A generalized dispersion
relation is deduced under the drift approximation. The presence of negative ions with their dif-
ferent streaming velocities make the dispersion relation a cubic equation. Different roots of both
real and imaginary parts of the RT mode are studied by using the Cardano method of solving the
cubic equation. The growth rates of RT instability are examined analytically and numerically. It is
shown that the basic features of these waves are significantly modified by the positive and negative
ions drift speed as well as by the magnetic field and density. Relevance of the work regarding to
dense astrophysical plasmas is pinted out.
*For correspondence: ehsan.zahida@gmail.com
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I. INTRODUCTION
Classical plasma is usually considered to have low densities and high temperature plas-
mas. But some technologies have made it possible to produce plasma having densities very
close to the solid state, this type of plasma can not be explained properly by using the laws
of classical mechanic and therefore laws of quantum mechanics will be applied. In contrast
to classical plasma, quantum plasma exhibits the property of low temperature and high
number density, and in nature there are many examples where both plasma and quantum
effects coexist, like in astrophysical environments (neutron stars, white dwarfs, magnatars
etc.) [1], in intense laser beam produced plasmas [2], in nonlinear quantum optics [3, 4],
in microelectronic devices [5] and in so many others. At quantum regimes, the thermal
de-Broglie wave length (λB = ~/mvT ) measures the quantum degeneracy effects and rep-
resents the spatial extension of the wave function attributed to the charged particles due
to quantum uncertainty[6, 7]. Such a parameter is either of the order or greater than the
average inter-fermionic distance, viz. (d = n
−1/3
0 ), where n0 is the equilibrium number den-
sity. In such a situation, the thermal energy becomes smaller in comparison with the Fermi
energy. As a result the electron Fermi pressure dominates over the thermal pressure at
high number densities supporting the compact objects against the gravitational burst. Two
models, Schro¨dinger-Maxwell and the Wigner-Poisson are used for demonstration of plasma
quantum hydrodynamic and statistical behavior. The Wigner-Poisson model is used for the
description of momentum, energy and charge transportation while the Schro¨dinger-Poisson
model is employed to address other issues like resonant tunneling and negative differential
resistances in the physics of semiconductor etc. [8]. There has recently been a surge in the
interest of dense quantum plasmas for example see the Refs. [7, 9–15]. Altogether these
studies include the effects of quantum corrections like Bohm–de Broglie potential, the zero
temperature Fermi pressure, relativistic temperature degeneracy and spin magnetization like
properties which can significantly modify the dynamics of the plasma.
On the other hand, the creation of dense pair-ion or multi-ions plasma at laboratory scale
has recently been reported [16, 17] and different types of nonlinear waves in such plasma has
also been substantiated experimentally. However, the addition of other charged particles like
dust particulates into pair-ion plasma in order to produce multi component plasmas accom-
modating different types of nonlinear wave phenomena may also be anticipated. Similarly
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the nonlinear propagation of dust ion-acoustic waves in multi-ion dense plasma system con-
taining degenerate electrons, both positive and negative ions, arbitrary charged dust grains
have been investigated with implication of cosmic environments and compact astrophysical
objects [18]. By using the QHD model the propagation of small but finite-amplitude quan-
tum electrostatic shock wave in an inertialess symmetric pair (ion) plasma with immobile
background positive constituents were studied by [19]. The ion-acoustic waves in a degen-
erate multi-ion magnetoplasma with application of astrophysical plasmas of white dwarf
have been studied by [20], using the hydrodynamic equations of positive and negative ions,
degenerate electrons, and the Poisson equation. Dust-ion-acoustic solitary waves in a dense
pair-ion plasma have been investigated by using the hydrodynamic equations together with
the Poisson equation in a collisionless pair ion dense plasma containing positive and neg-
ative ions, fraction of stationary charged (positive or negative) dust grains and degenerate
electrons[21]
The above literatures mainly focuses on perturbations in homogeneous quantum plasma
backgrounds. However, quantum plasmas can often involve nonuniform density profiles
when brought into practice, which frequently occur in a real (e.g. in astrophysics) or ef-
fective (e.g. in inertial confined fusion) external gravitational field. In the classical case,
a stratified plasma in a gravitational field necessarily presents either internal waves or the
Rayleigh-Taylor (RT) instability depending on whether the stratification is stable or un-
stable [22]. Rayleigh-Taylor instability is the surface instability exists between two fluids
if their densities are different and accelerating toward each other. This is the instability
of light fluid layer which supports the heavy fluid layer. At early stage it was found that
amplitude perturbations grow exponentially with time for RT instability at the interface
[23]. Goldston and Rutherford studied the RT instability linear growth rate for finite equi-
librium flow [24], while Wu et al. [25] studied it in the presence of horizontal magnetic field.
Bhatia and Sharma [26] explained the RT instability with horizontal magnetic accompanied
by rotation.
In non-uniform magnetized quantum plasma the RT instability and dispersion relation
is defined [27], which shows that quantum correction stabilizes the RT instability. The
effects of quantum pressure and magnetic field on RT instability in an ideal incompressible
plasma were also investigated [28], with the explicit expression of linear growth rate in the
presence of fixed boundary conditions. The electrostatic RT instability in a dense electron-
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ion quantum magnetoplasma was studied [29], where ions are assumed cold and classical
while electrons are dense and quantum mechanical. It is shown that density gradient and
quantum speed significantly alter the of RT instability growth rate. Comparative to classical
in the case of dense quantum magnetoplasma the RT instability growth rate is significantly
higher and highly localized.
The motivation of the present studies is based on some of the observation and predic-
tions of dense muti-ions plasma in the environment of dense astrophysical objects, like it is
observed and predicted that the electron–positron or proton and anti proton pairs in the
white dwarfs can be produced during the collapse of white dwarf to neutron stars [30, 31].
The excess of antiproton and positron fluxes are also predicted [32–34] and then reported
with observations [35] in the environment of white dwarf due to supernova.
Owing to the importance of above literature on dense multi-ions plasmas we in this study
thus investigate the electrostatic RT instability by using the QHD model of quantum multi-
ion-electron plasma. Our this investigation may be helpful in understanding the salient
features of electrostatic instability analysis in laboratory and dense astrophysical plasmas
where two distinct groups of ions and Fermi distributed electrons are present [18].
II. BASIC FORMULATION AND INSTABILITY ANALYSIS
Consider an inhomogeneous multi-ion dense magnetized quantum plasma. The astro-
physical environment, such as white dwarfs, contains very high electron number density, i.e.
n ≃ 1029cm−3 and as a consequence, the average particle distance is very small and has
a large momenta exhibiting a degenerated Fermi gas. In such an environment one should
use the Thomas–Fermi approximation for describing the degenerate inertialess electrons[21].
The ion component can be treated as a classical gas [20]. The background quasi neutrality
condition reads as
n+0 = n−0 + ne0, (1)
where n±0 is the positive/negative ions density, while ne0 is the electron background number
density. The ambient magnetic field is directed along z-axis i.e. B0 = B0zˆ, where B0 is
the strength of applied magnetic field. Let in equilibrium, the density gradient and the
gravitational field are assumed to be in the opposite direction, i.e. ∇n0j = − |∇n0j | xˆ and
g = gxˆ with j = +, −, e denotes positive, negative ions and electrons respectively. The wave
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propagation vector and electric field are assumed to be directed in y-direction i.e. k = kyˆ
and E = Eyˆ. To look into the problem of RT mode of instability in a dense pair-ion-electron
quantum plasma, we consider the following QHD model i.e. the continuity and momentum
equations
∂nj
∂t
+∇ · (njVj) = 0 (2)
mjnj(∂t +Vj · ∇)Vj = qjnj(E+Vj ×B0)+mjnjg −∇Pj +Q, (3)
where qj, mj , g, nj and Vj are electrostatic charge, particle mass, acceleration due to
gravity, density and streaming velocity of the jth species respectively, and ~ is the Planck’s
constant divided by 2π, here Q =
nj~2
2mj
∇
(∇2√nj√
nj
)
is the Bohm Potential term. The
quantum force term i.e. the last two terms of (3) are appearing due to quantum mechanical
effects of jth specie and denote the quantum correlation between density fluctuations and the
quantum Fermi statistics. The equation of state for degenerate electrons is PFe =
(3π2)
2
3
5me
~
2n
5
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e
known as Fermi pressure [36] and the pressure gradient force ∇PFe = 2ǫFe∇ne with ǫFe =
(3π2ne0)
2
3ℏ
2/2me is being the electron Fermi energy on the Fermi surface. Furthermore due
to large mass of ions compared to electrons we assume that the quantum mechanical effects
are negligible for both positive and negative ions so Eq. (3) for cold ± ions can be written
as
m±n±(∂t +V± · ∇)V± = ±en± (E+V± ×B0)+m±n±g, (4)
In the equilibrium state, we find the ± ions drift as
V±0 = ∓ g
ωc±
yˆ (5)
In above equation ωc± = eB0/m± represents the cyclotron frequency for positive and neg-
ative ions. Similarly for electrons at zero order we have two drifts i.e. the gravitational
drift
Ve0 =
g
ωce
yˆ,
and the modified diamagnetic drift due to Fermi pressure and Bohm potential
VDe0 =
(
−2ǫFe
eB0
κne +
~
2
4eB0me
1
ne0
∂3ne0
∂x3
)
yˆ (6)
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The gravitational drift at zero order can be neglected in the limit
me
m±
→ 0. In diamagnetic
drift the term due to Bohm potential is ignored by assumption that inhomogeneity scale
length is greater than Larmor radius, which reduces Eq.6 to
VDe0 = −2ǫFe
eB0
κneyˆ
Here κne =
1
ne0
∂xne0 is the density inhomogeneity scale length for electron and ωce = eB0/me
is the electron gyrofrequency. Following the procedure given in [37], for low frequency (∂t <<
ωc±) electrostatic perturbations, the perpendicular first order components of the positive and
negative ion fluid velocity are
V±⊥ = VE +V±p, (7)
where VE(= − 1B0E× zˆ) depicts the E×B drift while V±p(= ∓ 1ωc± (∂t+V±0 ·∇)(V±1× zˆ))
is the respective polarization drifts of positive and negative ions. The VE and V±p drifts
can be further simplified to give
VE = −Ey
B0
xˆ
V±p = ± 1
ωc±
(∂t +V±0 · ∇)
(
Ey
B0
)
yˆ (8)
In the above equations V±0 stands for the positive and negative ions drift velocity. The
linearized equation of motion for Fermionic electrons is
mene0(∂t +Ve0 · ∇)Ve = −ene0(E+Ve ×B0)− 2ǫFe∇ne1 +Q1 (9)
where the exact manifestation of the first order of the Bohm term in Eq. (9) can be written
as
Q1 =
~
2
2
1
me


∇
2
(∇2ne1)− ∇ne0 (∇
2ne1)
2neo
− ∇ne1 (∇
2ne0)
2neo
+
ne1∇neo (∇2ne0)
2n2eo
− ∇ (∇neo · ∇ne1)
2neo
+
ne1∇ (∇ne0)2
4n2eo
+
(∇ne0)2∇ne1
2n2eo
− (∇neo)
3
n3eo
ne1+
(∇neo · ∇ne1)
n2eo
∇neo


(10)
In Eq. (10) only first and second terms can contribute while all others are neglected due to
our geometry selection and by assumption that inhomogeneity scale length is greater than
Larmor radius. Because of this assumption all the higher order derivatives for inhomogeneity
terms are ignored. Also since polarization drift directly proportional to inertia, so compare
to both positive and negative ions, it can be neglected for electrons i.e. Vep = 0. Thus under
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the drift wave approximation ω << ωce, the electron momentum equation along the magnetic
field can be simplified by neglecting the inertial term on the left-hand side of Eq.(9). Thus
from (9), the linear perpendicular component of velocity for Fermionic electron is
Ve⊥ =
1
B0
(E × zˆ) + 2ǫFe
eB0
1
neo
∇ne1 × zˆ − Q1
eB0neo
× zˆ
=
(
Ey
B0
+
2ǫ
Fe
eB0
∇⊥ne1
neo
− ~
2
4eB0
1
neome
∇⊥(∇2ne1)
)
xˆ+
(
2ǫ
Fe
κne
eB0
∇⊥ne1
neo
− ~
2κne
4eB0me
∇2ne1
neo
)
yˆ
(11)
The linearized electron continuity equation is
∂ne1
∂t
+∇ · (neVe)1 = 0 (12)
where linearized ∇ · (neVe)1 can be written as
∇ · (neVe)1 = ∇⊥ne1·VDe0 +∇⊥ne0·Ve⊥ + ne0∇⊥ ·Ve⊥
=
2ǫ
Fe
κne
eB0
∇⊥ne1 − ~
2κne
2eB0me
∇2ne1+∂ne0
∂x
xˆ · Ey
B0
(13)
Due to the presence of diamagnetic drift, electron background drifting term is appearing in
Eq. (13). We have neglected the term ne1 (∇ ·Ve0) in Eq. (13) by assuming that a constant
electron-streaming velocity is not a function of space. Similarly for ± ions the linearized
continuity equation can be written as
∂n±1
∂t
+ (V±0 · ∇)n±1 + ∂n±0
∂x
xˆ ·VE + n±0∇ ·V±p = 0 (14)
Assuming a plane wave solution of the form exp(iky − iωt) to all the perturbed quantities
and using the drift approximation (ω − kV±0) < ωc± into Eqs. (7)-(14), we obtain the
number density for positive and negative ions as
n±1 =
−in±0
ω±D
(
κn± ± kω±D
ωc±
)(
Ey
B0
)
(15)
where ω±D = ω − kV±0 is the Doppler shifted frequency and κn± = 1n±0
∂n±0
∂x
is the inverse
inhomogeneity scale length for positive and negative ions. The electron continuity Eq. (12)
leads to the perturbed electron density as
ne1 = −i ne0κne(
ω − kκneU
2
q
ωc+
) (Ey
B0
)
(16)
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The presence of quantum Bohm potential and quantum Fermi pressure cause a modified
quantum speed Uq =
(
C2sq +
~
2k2
2memj
)1/2
with the definition of well known quantum acoustic
speed Csq =
(
2ǫ
Fe
m+
)1/2
[38]. Under the assumption kλFe ≪ 1 we can write the perturbed
quasi neutrality condition
n+1 ≃ n−1 + ne1, (17)
instead of Poisson equation [29]. This is possible because the unstable waves are of low
frequencies. Let ωc+ = ωc− = ωc because of the same mass of ± ions. Using Eqs.(15) and
(16) in Eq.(17) leads to a generalized dispersion relation as
n+0
ω+D
ωcκn+ + kω+D
ωc
=
n−0
ω−D
ωcκn− − kω−D
ωc
+
ne0κne
(ω − kV∗) , (18)
Where V∗ =
κneU
2
q
ωc
is the quantum corrected modified diamagnetic drift velocity. Relation
(18) describes that both positive and negative ions streaming, their concentration and the
quantum nature of electrons have modified the relation quite significantly. In the absence
of negative ions we get
ω (ω − kV+0) = −κneωcV+0 + κneU2q
(
κne+
k (ω − kV+0)
ωc
)
, (19)
which is exactly the same as Eq. (10) of [29], for RT instability in electron-ion quantum
plasma.
Let us consider the case where positive and negative ions are drifting with constant speed
relative to electrons. This situation is equivalent to the case of electron beam propagation
in a pair-ion plasma. Let V+0 = V−0 = V0, then for this particular condition the Eq. (18)
turns into the following quadratic equation
ω2 + ωk
(
g
ωc
− κneU
2
q
ωc
)
− gκne
1 +N−0
[
Ne0
(
1 +
κneU
2
q
g
)
+
k2U2q
ω2c
(1 +N−0)
]
= 0, (20)
with N−0 =
n−0
n+0
, Ne0 =
ne0
n+0
and V0 = − gωc . Eq. (20) is the desired modified dispersion
relation for the electrostatic RT mode of instability in a dense quantum pair-ion-electron
magnetoplasma. By ignoring the quantum effects (~ → 0) and N−0 → 0, one can acquire
the earlier result of [37]. Instability is occurred when ω is complex i.e. by putting ω = ωr+iγ
in Eq. (20) then for real and imaginary parts we have
ωr = −k
2
(
g
ωc
− κneU
2
q
ωc
)
(21)
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γ =
[
− gκne
1 +N−0
{
Ne0
(
1 +
κneU
2
q
g
)
+
(1 +N−0) k
2U2q
ω2c
}
+
k2
4
(
κneU
2
q
ωc
− g
ωc
)2] 12
(22)
It shows that RT instability would develop if g and κne to have opposite signs i.e. both
are to be in the opposite directions. This means that the light fluid is holding the heavy
fluid; otherwise, ω is real and the plasma is stable. Since a heavy plasma supported against
the gravitational force by a magnetic field, therefore g can be used to model the effects of
magnetic field curvature. Since the centrifugal force acts on a particle moving along curved
magnetic field lines in a similar way as a gravitational force. We therefore observe that
stability depends on the sign of the curvature. Configurations with field lines bending in
toward the plasma tend to be stabilizing, and vice versa [37].
By using the small k or long wavelength approximation the second term in Eq. (22) is
ignored and the growth rate for RT mode of instability can be obtained as
γ =
[
− gκne
1 +N−0
{
Ne0 + (1 +N−0) k
2ρ2s
(
1 +
k2H2eλ
2
Fe
4
)}
+
Ne0κ
2
neC
2
sq
1 +N−0
(
1 +
k2H2eλ
2
Fe
4
)] 1
2
(23)
Similarly the real part of the wave frequency can be obtained as
ωr = −k
2
[
g
ωc
− κneC
2
sq
ωc
(
1 +
k2H2eλ
2
Fe
4
)]
(24)
During the derivation of Eqs. (23) and (24) we have expressed the quantum speed
Uq in terms of quantum parameter (He) and the electron Fermi length (λFe) as Uq =
Csq
(
1 +
k2H2eλ
2
Fe
4
)1/2
, where He =
~ωp
2ǫ
Fe
shows the effect of density correlation and is the
ratio of plasmon energy to the Fermi energy while λFe =
√
2ǫ
Fe
4πne0e2
represents the Fermi
screening length. Also ρs(= Csq/ωc) symbolizes the ion-sound gyroradius. By employing
the normalized parameters such as γ˜ =
γ
ωci
, ω˜r =
ωr
ωc
, g˜ =
gκne
ω2c
, k˜ =
k
κne
, ρ˜s =
κneCsq
ωc
, and
λ˜Fe = κneλFe, we can express Eqs. (23) and (24) in normalized form as
γ˜
(
k˜
)
=
[
− g˜
1 +N−0
{
Ne0 + (1 +N−0) k˜
2ρ˜2s
(
1 +
k˜2H2e λ˜
2
Fe
4
)}
+
Ne0ρ˜
2
s
1 +N−0
(
1 +
k˜2H2e λ˜
2
Fe
4
)] 1
2
(25)
ω˜r = − k˜
2
[
g˜ − ρ˜2s
(
1 +
k˜2H2e λ˜
2
Fe
4
)]
(26)
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III. RT INSTABILITY ANALYSIS
In order to discuss the instability analysis by incorporating both positive and negative
ions are drifting, by introducing the phase velocity defined Vϕ =
ω
k
which makes the Eq.
(18) as
ωc
1 +N−0
(
N−0κn−
Vϕ − V+0 −
κn+
Vϕ − V−0 +
Ne0κne
Vϕ − V∗
)
= k2
This may be expressed as
G (Vϕ) =
ωc
1 +N−0
(
N−0κn−
Vϕ − V−0 −
κn+
Vϕ − V+0 +
Ne0κne
Vϕ − V∗
)
= k2 (27)
Since this equation is of third order and has real coefficients, there will be three solutions
for Vϕ which have complex nature. It is observed that there is a critical value of k, that we
label kc. For k
2 > k2c Eq. (27) has three real roots so that the system supports three waves
that propagate without growth or decay. On the other hand, if k2 < k2c , Eq. (27) has one
real and two complex roots. The two complex roots corresponding to complex frequencies.
Since these two frequencies are complex conjugates, one of them will correspond to a mode
that grows exponentially in time. Hence any small perturbation of the system will grow to
arbitrarily large values. One can find the value of kc by finding the value of Vϕ for which
dG
dVϕ
= 0. If the drifts have the same magnitude with opposite sense, we may adopt
G (Vϕ) =
ωc
1 +N−0
(
N−0κn− − κn+
Vϕ − V0 +
Ne0κne
Vϕ − V∗
)
= k2 (28)
and
dG
dVϕ
= 0 gives critical phase speed as
Vϕ, c =
V∗
√
κn+ −N−0κn− − V0
√
Ne0κne√
κn+ −N−0κn− −
√
Ne0κne
(29)
Hence we find that
k2c =
ωc
1 +N−0
(√
κn+ −N−0κn− −
√
Ne0κne
)2
V0 − V∗ (30)
We see that (30) has a peculiar significance. Our physical intuition tells us that as (V0−V∗)
becomes arbitrarily small, kc becomes arbitrarily large. This shows that the system becomes
unstable for a larger and larger range of wave number. Also kc depends on N−0, κnj and ωc
which effectuate the system to be stable or unstable.
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Further simplification of (27) with the definitions of Eq. (5) i.e. V+0 = − gωc and V−0 =
g
ωc
gives the following form of cubic equation
V 3ϕ−V 2ϕV∗−Vϕ
(
g2
ω2c
+
Ne0κne
1 +N−0
ωcV∗
k2
+
κn++N−0κn−
1 +N−0
g
k2
)
+
V∗g
2
ω2c
+
κn++N−0κn−
1 +N−0
V∗g
k2
+
Ne0κne
1 +N−0
g2
k2ωc
= 0
In terms of ω we arrive to the following form of normalized cubic equation
ω˜3 + a˜ ω˜2 + b˜ ω˜ + c˜ = 0 (31)
where the normalized constants a˜, b˜ and c˜ all are real and are defined as
a˜ = −k˜ρ˜2s
(
1 +
k˜2H2e λ˜
2
Fe
4
)
(32)
b˜ = −
(
k˜g˜
)2
− ρ˜2s
(
Ne0
1 +N−0
)(
1 +
k˜2H2e λ˜
2
Fe
4
)
− g˜η (33)
c˜ = k˜g˜2
[
Ne0
1 +N−0
+
ρ˜2s
g˜
η
(
1 +
k˜2H2e λ˜
2
Fe
4
)
+ k˜2ρ˜2s
(
1 +
k˜2H2e λ˜
2
Fe
4
)]
(34)
where η =
κn+ +N−0κn−
κne (1 +N−0)
.
By using the Cardano method we will discuss the RT instability analysis by using Eq.
(31). In order to address the instability process let ω = ωr + iγ (omit the tilt sign). This
is possible if some of the roots are complex, where ωr = Re (ω) and γ = Im (ω). Positive
Im (ω) shows an exponentially growing wave while negative Im (ω) indicates a damped wave.
Since the roots ω occur in conjugate pairs, one of these will always be unstable unless all
the roots are real. The damped roots are not self-excited and are of no interest. With this
manipulation and assumption that γ2 << ω2r Eq. (31) is decomposed to real and imaginary
parts as
ω3r + aω
2
r + bωr + c ≃ 0 (35)
γ ≈
√
3ω2r + 2aωr + b (36)
From Eqs. (35) and (36), it is obvious that for three real roots of ωr, we have three growth
rates; two are damping and one of the growth rates is growing. To find out that root of ωr
for which γ is growing we have to solve (35) by using the Cardano method. Let ωr = z − a
3
⇒ z = ωr+ a
3
, the equation then reduces to reduced cubic equation having no second degree
term i.e.
z3 + Pz +Q = 0, (37)
11
where P = 1
3
(3b2 − a2), Q = 1
27
(2a3 − 9ab + 27c). By using the Cardano’s rule as given in
[39], the root of Eq. 37 can be written by following the procedure
z = [
√
P 2 +Q2 −Q] 13 − [
√
P 3 +Q2 +Q]
1
3 (38)
If we assume the numerical values of constants in such a way that P 3+Q2 < 0, the solution
for z is then
z = −2√−P cos
[
1
3
arctan
(√
−P 3 −Q2
Q
)]
(39)
Using P , Q and z = ωa +
a
3
in (39) we then determine the root of ωr as
ωr = −a
3
− 2
√
1
3
(a2−3b2) cos

1
3
arctan


√
− 1
27
(3b2 − a2)3 − 1
729
(2a3 − 9ab+ 27c)2
1
27
(2a3 − 9ab+ 27c)




(40)
We can get other roots but this one is giving the growing growth rate root so we consider
only this root. For this ωr we can get the required growth rate as given in (36).
IV. RESULTS AND DISCUSSION
To visualize the complete picture of quantum effects that include the tunneling through
the Bohm potential and the Pauli exclusion through the Fermi degenerate pressure on the
growth rate of RT mode of instability, the Eqs. (25), (26) and (36) are numerically analyzed.
For numerical scheme we may use values given in [19, 40] for a typical white dwarf, with
number density,∼ 1028 cm−3 and B0 = (108 − 1014)G [41]. Such astrophysical environments,
contain very high electron number density, and as a outcome one should describing the
degenerate inertialess electrons and one can suppose the existence of multi-ions, to be treated
as a classical gas. This choice, although seemingly counterintuitive, but is motivated by the
above astrophysical objects environment, and are suggested by [18, 20].
When both ions are drifting with the same magnitude of velocity, the growth rate (25)
then explains the RT instability in muti-ions quantum plasma. In order to investigate the
influence of Bohm potential and the Fermi degenerate pressure on RT instability we have
numerically examined the Eq. (25). In Fig. 1 the vertical axis (horizontal axis) represents
the normalized growth rate γ = 10−28γ (normalized wavenumber k) of the RT instability in
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pair-ion-electron quantum plasma and shows the classical counterpart of quantum plasma.
It demonstrates that the growth rate of RT instability increases with normalized k. The
effects of density variation and magnetic field strength on the growth rate of RT instability
respectively are shown in Fig. 2a and 2b. The instability increases (decreases) with respect
to density (magnetic field) variation.
When positive and negative ions are drifting with different velocity V±0 = ∓ gωc± yˆ, the real
frequency ωr as a function of k is numerically analyzed from Eq. (40) for different values of
electron number density and magnetic fields, which are shown respectively in Figs. 3 and 4.
Fig. 3 shows that for increasing values of neo the real frequency ωr decreases with decreasing
trend against k. While on the other hand, ωr increases with decreasing trend against k, for
increasing values of Bo as shown in Fig. 4.
The growth rate (36), based on the real frequency (40) explicates the RT instability
in multi-ion-electron quantum plasma. Using the normalized coefficients (32)- (34) the
normalized growth rate (40) is plotted for electrostatic RT mode of instability with effects
of density and ambient magnetic field variation (Figs. 5 and 6). Fig. 5 (Fig. 6) shows that
the growth rate increases (decreases) with increasing number density (magnetic field B0).
So magnetic field B0 suppresses the instability as it confines the particles more in the center
than at periphery for localized mode. Also the frequency of wave mode is less than ωc, so by
increasing B0 makes this comparison more obvious and hence decreases the growth rate. On
the other hand by increasing the number density makes the plasma more dense and shrinks
which means more particles are available to gives energy to wave perturbation as ω
k
< VFe.
This consequently increases the growth rates and makes the RT mode unstable.
V. SUMMARY AND CONCLUSION
To summarize, we have studied the different growth rates of Rayleigh–Taylor instability in
a nonuniform pair-ion-electron quantum magnetoplasma whose constituents are the positive
and negative ions with fraction of electrons. The quantum hydrodynamic equations have
been employed with assumptions that both the ions are cold and classical while the electrons
are inertialess and dealt as quantum mechanical. A generalized dispersion relation for the RT
instability has been deduced under the drift approximation and examined both analytically
and numerically. With assumption that, when both ions are drifting with the same velocity,
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the growth rate (23) is derived with effects of both classical and quantum effects. The
presence of negative ions with their different drift velocities make the dispersion relation a
cubic equation. Using the Cardano method of solving the cubic equation a root of real and
imaginary modes of the wave has derived for RT instability. The real part of wave gives
the dispersion relation and the imaginary one defines the growth rate of the RT mode. The
growth rate of RT instability is examined in detail with essence of density and magnetic field
variation. It is found that quantum speed and density gradient are modifying due to density
variation and hence modifies the RT instability significantly. It is shown that the growth
rate of Rayleigh–Taylor instability in a nonuniform multi-ions quantum plasma increases
(decreases) with density (magnetic field B0). Our findings are general and can be helpful
to understand the RT instability in the celestial bodies or future laboratory experiments.
It is expected that dense and highly magnetized multicomponent plasmas will be produced
at laboratory scale in the future [42]. Thus the present investigations can be important for
studying both astrophysical and laboratory dense magnetoplasmas.
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Figure Captions
Fig. 1 (color online): Variation of the normalized growth rate γ/ωc versus the
scaled wave number k/κne (Eq. (25)) in muti-ions magnetoplasma with classical
limit (He = 0). Other parameters are taken as neo = 10
28 cm−3, n+o = 1.01 × 1028
cm−3 and B0 = 10
8G.
Fig. 2 (color online): Plot of the normalized growth rate (γ/ωc) (Eq. (25))
as a function of wavenumber (k/κne) in a PIE quantum magnetoplasma with (a)
density variation i.e. ne = 10
28 (solid curve) and ne = 0.8 × 1028 (dashed curve)
(b) magnetic field variation i.e. ωc = 10 (solid curve) and ωc = 8 (dashed curve).
Other Physical parameters are the same as in Fig. 1.
Fig. 3 (Color online): Sketches of ωr as a function of wave vector k for different
values of neo using Eq. 40 such that neo = 10
28 (solid curve) and neo = 0.5 × 1028
(dashed curve). Other Physical parameters are taken as κne =
k
10
, η = 0.8, gWD =
1000000 and normalized ωc = 10.
Fig. 4 (Color online): Variation of real frequency (40) as a function of k for
different values of of magnetic field, such that ωc = 10 (solid curve) and ωc = 9
(dashed curve). Other Physical parameters are the same as in Fig. 3 with
neo = 10
28.
Figure 5 (color online): Normalized growth rate (γ/ωc) versus normalized
wavenumber (k/κne) [given by Eq. (36)] for different values of electron density
variation i.e. ne = 10
28 (solid curve) and ne = 0.7 × 1028 (dashed curve). Other
Physical parameters are the same as in Fig. 3.
Figure 6 (color online): Normalized growth rate (γ/ωc) versus normalized
wavenumber (k/κne) [given by Eq. (36)] for different values of magnetic field
variation i.e. ωc = 10 (solid curve) and ωc = 9 (dashed curve). Other Physical
parameters are the same as in Fig. 3 with neo = 10
28.
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